mutageneses for zygotic mutants that affect the pat-
terning of the embryonic cuticle in their joint lab at the these could be classified into four groups of genes whose mutants produce similar or identical phenotypes EMBL in Heidelberg (Nü sslein-Volhard and Wieschaus, 1980 ). These screens, for which they were awarded the (Nü sslein-Volhard et al., 1987). This contrasted with the results of the zygotic screens, which revealed a large Nobel prize, revealed that the anterior-posterior axis of the embryo is patterned by a hierarchy of gap genes, pair number of different phenotypes, and suggested that the genes in each maternal class act together to produce rule genes, and segment polarity genes. Subsequent molecular analysis revealed that all of the gap and pair a single spatial cue in the embryo. More importantly, mutants in the anterior and posterior groups gave the rule genes encode transcription factors that are expressed in patterns that roughly correspond to the resame phenotypes as pricking the corresponding pole of the egg. This led to the prediction that the genes in gions of the embryo that are missing in each mutant (Akam, 1987) . For example, the gap gene hunchback is each of these groups direct the production of a localized determinant and that they might therefore provide a transcribed in the anterior 50% of the embryo and is required for the development of a large contiguous remolecular handle to identify what these mysterious activities actually were. gion spanning the posterior head and the entire thorax, whereas the pair rule gene, even-skipped, comes on in Although it is not directly relevant to the Bicoid papers, it is worth mentioning that the other two classes of seven stripes that predict where the even numbered segments will form (Frasch et al., 1987; Tautz et al., maternal genes, the terminal and dorsal groups, were even more surprising since they were not predicted by 1987).
While this beautiful analysis provided the basis for the cytoplasmic transplantation experiments and indicated that some of the maternal information is provided understanding how the embryo is subdivided into segments, it left a major question unanswered, which was to the egg in another form. It later transpired that the terminal genes generate an extracellular signal at the how the gap genes are turned on in the first place. Since these genes come on when zygotic transcription begins two ends of the egg that acts through the Torso receptor to induce the formation of the most terminal structures, during the syncytial blastoderm stage, they cannot be regulated by other upstream zygotic genes, strongly the acron and telson, while the dorsal group gene products constitute a second signaling pathway that specisuggesting that they are under the control of localized maternal signals already present in the egg. The idea fies ventral fates (St Johnston and Nü sslein-Volhard, 1992). Indeed, the discovery of the terminal group exthat the key positional cues are provided maternally was further reinforced by some elegant cytoplasmic transplained the strange behavior of the telson. Even though the telson is the most posterior structure in the embryo, plantation experiments by Hans-Georg Frohnhö fer and Ruth Lehmann, who were the first graduate students to it is not affected by the removal of the posterior cytoplasm, but a duplicated telson forms at the anterior join Christiane Nü sslein-Volhard in her new laboratory in Tü bingen (Frohnhö fer et al., 1986). They set out to when the anterior cytoplasm is removed. The analysis of the double mutants showed that the terminal pathway ask whether the egg contained localized cytoplasmic determinants by pricking it in various places and specifies the two ends of the embryo independently of the anterior and posterior systems, but the anterior allowing about 5% of the cytoplasm to leak out. Although removal of cytoplasm from most regions had a determinant directs this region to form acron instead of telson (Nü sslein-Volhard et al., 1987). negligible effect on patterning, anterior pricking gave rise to embryos in which the head and thorax were reHans-Georg Frohnhö fer was given the job of analyzing the maternal genes involved in anterior patterning for placed by a duplication of the posterior telson, whereas posterior pricking resulted in embryos that failed to form his PhD thesis and performed a beautiful series of experiments that showed that bicoid is the key gene in this an abdomen or pole cells. Furthermore, transplantation of the anterior cytoplasm into other regions of the emgroup (Frohnhö fer and Nü sslein-Volhard, 1986, 1987).
(1) Strong bicoid alleles produce a complete loss of head bryo induced the formation of head structures at the site of injection, with thoracic structures on either side and thorax and the formation of a duplicated anterior telson, whereas mutants in the other genes in this group, (Frohnhö fer and Nü sslein-Volhard, 1986). Thus, the A-P axis of Drosophila appeared to be specified by localized exuperantia and swallow, cause only a partial loss of the head and an expansion of the thorax. (2) bicoid cytoplasmic determinants at the anterior and posterior of the egg, and the anterior determinant had some of the mutants can be completely rescued by the injection of wild-type anterior cytoplasm, suggesting that they lack expected properties of a morphogen because it induced head structures at high concentrations and thoracic the anterior determinant, but are still able to respond to it normally if it is supplied by transplantation. (3) The structures at lower ones.
Because these determinants must be deposited in the size of the presumptive head region is proportional to the bicoid gene dosage in the mother since the cephalic egg during oogenesis, these results switched attention back to the mother's contribution to axis formation, and furrow is shifted posteriorly in embryos from females that carry extra copies of bicoid and is shifted anteriorly the Nü sslein-Volhard group in Tü bingen and Eric Wieschaus and Trudi Schü pbach in Princeton embarked in embryos from bicoid heterozygous mothers. This indicates that the concentration of the anterior determinant on a second set of saturation screens, this time for maternal-effect mutants, i.e., mutations that cause no depends on the amount of bicoid gene product. (4) exuperantia and swallow mutants still contain some anterior obvious defects in the homozygous mutant flies themselves but that disrupt the patterning of the embryos determinant activity, but it is no longer localized correctly since the removal of the anterior cytoplasm does laid by mutant mothers (Nü sslein-Volhard et al., 1987; Schü pbach and Wieschaus, 1986). These screens idennot make the phenotype any worse. This led to the proposal that these genes are required for the correct tified a large number of maternal genes, but most of ). Mutational analysis of bicoid has also revealed that different steps in the localization ␥-tubulin ring complex protein 75 (Dgrip75). Swallow localizes to the oocyte anterior at stage 10 and is reprocess are mediated by partially redundant elements that act at different stages (Macdonald and Kerr, 1997, quired for movement of bicoid mRNA from a ring to a disc and for its maintenance at the anterior pole after 1998). Finally, a signal in the bicoid 3ЈUTR mediates degradation of the mRNA at cellularization (Surdej and this stage (Schnorrer et al., 2000) . A qualitative change in the microtubules occurs at the time of the bicoid Jacobs-Lorena, 1998). As redundancy is a plague for genetic analysis, biomRNA ring-to-disc transition: ␥-tub37C and Dgrip75 become enriched at the anterior, and the distribution of chemistry has also been applied toward the identification of proteins involved in bicoid mRNA localization. the minus end reporter Nod:␤-gal evolves from a ring to a disc shape (Schnorrer et al., 2002) . This strongly This has led to the purification of a large protein complex that assembles specifically on a minimal version of the suggests that a distinct microtubule-organizing center forms at the anterior at this stage, causing the assembly bicoid localization signal and is sensitive to inactivating mutations in the RNA signal (Arn et al., 2003 ). An imporof microtubules with different properties from those in the rest of the oocyte. Swallow distribution is not aftant conclusion of this arduous work is that recognition of the bicoid mRNA localization signal is mediated by fected in the ␥-tub37C and Dgrip75 mutants, and this,
